We present a catalogue of 349 giant radio sources (GRSs including both galaxies and quasars). The database contains all giants known to date from the literature. These GRSs cover the redshift range of 0.016<z<3.22 and include radio sources of projected linear sizes larger than 0.7 Mpc which extend up to 4.7 Mpc. We provide the principal parameters (i.e. exact position of the host in the sky, redshift, angular and projected linear size, red optical magnitude, radio morphology type, total radio flux density and luminosity) for all the sources as well as characteristics of the sample. Based on the distribution of GRSs in the sky we identify regions where there is a paucity of giants, so that future surveys for this type of objects could concentrate primarily in these fields. From the analysis presented here, we estimate a lower limit for the expected number of GRSs as about 2000, for the resolution and sensitivity limits of FIRST, NRAO VLA Sky Survey and Sloan Digital Sky Survey surveys. Compared with earlier compilations, there is a significant increase in the number of large giants with sizes > 2 Mpc as well as those at high redshifts with z>1. We discuss aspects of their evolution and suggest that these are consistent with evolutionary models.
INTRODUCTION
The giant radio sources (GRSs) are defined as extragalactic radio sources, hosted by galaxies (giant radio galaxies; GRGs) or quasars (giant radio quasars; GRQs), for which the projected linear size of radio structure is larger than 0.7 Mpc 1 (assuming H0=71 km/s/Mpc, ΩM = 0.27, Ωvac = 0.73). The first objects of this type to be found were 3C236 and DA240, identified by Willis, Strom & Wilson (1974) , while the first sample of 53 GRSs compiled from the literature was published by Ishwara-Chandra & Saikia (1999) . Since that time, the number of these relatively rare sources have been growing in number due to the all-sky surveys and the increasing amount of sensitive and good-quality radio and optical data. Many research groups searched for giants over the entire sky using modern radio surveys ⋆ E-mail: cygnus@oa.uj.edu.pl 1 Many earlier authors, assuming H 0 =50 km/s/Mpc, have used a lower limit of 1 Mpc as the defining size for GRSs. For the currently accepted cosmological parameters as given above, a limiting size of ∼0.7 Mpc is appropriate.
like the Westerbork Northern Sky Survey (Rengelink et al. 1997) at 0.3 GHz, the Sydney University Molonglo Sky Survey (SUMSS, Bock, Large & Sadler 1999) at 0.8 GHz, the NRAO VLA Sky Survey (NVSS, Condon et al. 1998) and the Faint Images of the Radio Sky at TwentyCentimeters (FIRST, Becker, White & Helfand 1995) Kuźmicz & Jamrozy (2012) as well as Dabhade et al. (2017) and others have increased the number of known GRSs more than 6 times as compared to the sample of Ishwara-Chandra & Saikia (1999) .
However, GRSs may not be easily recognizable if the surface brightness of the lobes is low. This could be the case for the less luminous GRSs with large angular sizes. Also, at high redshifts, where the inverse-Compton losses against the cosmic microwave background radiation are large, extended radio sources could have weak radio lobes (e.g. Konar et al. 2004) . In these cases the hot-spots or lobes may not appear to be connected with the radio core, thereby making the de-tection of GRSs quite a challenging task. Due to all these reasons as well as the steep spectra of many GRSs, the newgeneration radio interferometers such as the LOw-Frequency ARray (van Haarlem et al. 2013) , the Murchison Widefield Array (MWA; Lonsdale et al. 2009 ), the Square Kilometre Array (SKA; Carilli & Rawlings 2004) or upgrades of existing low-frequency telescopes such as the Giant Metrewave Radio Telescope (GMRT; Gupta et al. 2017) should be of particular help in finding more of these objects.
From previous studies, it is still unclear why just a small fraction of radio sources reach such large sizes. Nevertheless, owing to the observations conducted in the last decade, our knowledge of the nature of GRSs has progressed significantly. These investigations focused on the role of the properties of the intergalactic medium (IGM; Machalski et al. 2006; Subrahmanyan et al. 2008; Kuligowska et al. 2009 ), the advanced age of the radio structures (e.g. Mack et al. 1998; Machalski, Jamrozy & Saikia 2009 ), recurrent radio activity (e.g. Subrahmanyan, Saripalli & Hunstead 1996; Schoenmakers et al. 2000a; Saikia & Jamrozy 2009; Machalski et al. 2011) , and specific properties of the central active galactic nuclei (AGNs; e.g. black hole mass and accretion rate, Kuźmicz & Jamrozy 2012), as underlying reasons for their gigantic sizes. They revealed that GRSs are quite similar to radio sources with smaller radio structures, but significantly older. There is a trend for the spectral ages of radio galaxies to increase with linear size (e.g. Murgia et al. 1999; Parma, Murgia & Morganti 1999; Murgia 2003; Jamrozy et al. 2008) . However, there also exist small-sized radio galaxies with large ages (∼10 8 yr). Murgia et al. (2011) presented a study of five very aged radio galaxies with linear sizes of only about 100 kpc. Considering the IGM properties, it has been measured that in the vicinity of some GRSs the IGM density is lower (e.g. Schoenmakers et al. 2000b; Lara et al. 2000) , while we need to understand why we do observe giants at higher redshifts (z>1) where the IGM density is actually higher than at present. Moreover, Komberg & Pashchenko (2009) have shown that there is no correlation between the radio source size and the density of galaxies in the neighbourhood. However, we still lack an unequivocal explanation for the giant sizes of some of these radio sources. It is obvious that GRSs are very interesting objects worth intensive research. Investigations of their properties are necessary to fully understand the processes responsible for the formation and evolution of radio sources in general.
Moreover, GRSs can be useful for cosmological studies. They can help in determining the IGM properties at different redshifts. A number of studies carried out during the last several years show that GRSs are a very valuable tool for investigating the large-scale structure of the Universe. Their large sizes provide an opportunity to probe the distribution of the Warm-Hot Intergalactic Medium (WHIM) in filaments of the large-scale structure of the Universe (e.g. Malarecki et al. 2015 Malarecki et al. , 2013 Pirya et al. 2012; Peng, Chen & Strom 2015) . These studies focus on searching interactions of radio lobes with the ambient medium revealed through asymmetries of radio structures and the distribution of neighbouring galaxies. It is believed that through these kinds of investigations it will be possible to find the 'missing' baryons predicted by the Big Bang theory (Peng, Chen & Strom 2015) .
Furthermore, the recent investigations of Bassani et al. (2016) show that a large fraction of soft gamma-ray selected radio sources become GRSs. The all-sky observations of the INTErnational Gamma-Ray Astrophysics Laboratory (IN-TEGRAL; Winkler 1994) and Swift (Gehrels et al. 2004) satellites reveal a large population of AGNs. The doublelobed radio sources are not too common in this group (about 7%), yet it is very intriguing that a large fraction of them are giants (23%). It may be the case that high-energy surveys could be more efficient in searching for new GRSs as compared to the radio surveys, where for example, in the wellstudied 3CRR sample about 8% of the sources are identified as GRSs.
Given the above background, it is clear that it is highly advisable to look for new giants, and compiling a large sample of GRSs will facilitate future research in this field.
In this paper, we present a catalogue of GRSs known to date. We provide their principal parameters as well as characteristics of the sample. In this compilation of GRSs we do not consider objects such as cluster radio relics and/or radio halos that can also exceed our defining size of 700 kpc. The content of the paper is as follows. Section 2 describes details of the GRSs catalogue. In Sections 3 and 4 we analyse and discuss their distribution, physical parameters, and aspects of their evolution, while in Section 5 we present our concluding remarks.
CATALOGUE
For several years we have been browsing the literature, including survey results, and analysing data to search for radio galaxies of large linear sizes. We focused mostly on the existing compilations of giants, as well as published studies of individual sources of such types, but also examined wellstudied samples such as 3CRR and compilations of structures of radio sources such as, for example, that by Nilsson (1998) . In effect we have compiled a list of all GRSs known to the end of 2017. The list and principal parameters of GRSs are presented in Table 1 which is arranged as follows: Col. 1 -source name; Cols. 2 and 3 -J2000.0 coordinates of the GRS host galaxy or quasar; Col. 4 -optical identification (G -galaxy or Q -quasar); Col. 5 -redshift; Col. 6 -radio morphological type based on the Fanaroff-Riley classification scheme (see below); Col. 7 -angular size in arcmin; Col. 8 -projected linear size, D, in Mpc; Col. 9 -r band optical aperture magnitude; Col. 10 -total flux-density at 1.4 or 1.388 or 0.843 or 0.325 GHz in units of mJy; Col. 11 -error in total flux-density; Col. 12 -1.4 GHz total radio luminosity in W/Hz; Col. 13 -References.
The redshifts enclosed within parentheses correspond to the photometric redshifts taken either from the literature or from the Sloan Digital Sky Survey (SDSS; Albareti et al. 2017) . The 1.4 GHz flux-densities were measured mostly on the maps of the NVSS using the AIPS 2 software and particularly the task 'tvstat'. During the measurements we have made efforts to exclude unrelated (foreground/background) sources superposed on the extent of some GRSs. For some sources with declination below −40 o , we used the fluxdensity data at 1.388 GHz taken from Saripalli et al. (2012) . They are marked as 'a' in the Table 1 . The SUMSS fluxdensity measurements are marked as 'b', the measurements at 0.843 GHz given by Saripalli et al. (2005) are marked as letter 'c' and the measurements at 0.325 GHz given by Sebastian et al. (2018) are marked as letter 'd'. In order to determine the flux-density error, we used the formula given by Klein et al. (2003) :
where 'S' is the measured total flux-density in mJy, the 0.03 value corresponds to the assumed 3% calibration error; 'σ' is the r.m.s. noise measured around the source, 'Ωint' is the integration area, and 'Ω beam ' is the beam's solid angle. The radio morphological type (FRI, FRII; Fanaroff & Riley 1974) was predominantly taken from the literature but for newly classified sources we judged it by ourselves using highresolution radio maps. To determine the total radio luminosity, we used the formula given by Brown, Webster & Boyle (2001) and assumed for all sources a mean spectral index value as α = −0.8 (following e.g. Nilsson 1998 ). For sources with only 0.843 or 0.325 GHz flux density measurements available we determined the 1.4 GHz flux density using the above given spectral index value. For classical FRII sources, which constitute about 90 per cent of the sources in our list, we measure the angular extent as the size between the hotspots. Our measurements and those given by other authors are similar for these types of sources. In cases when we do not have an image of good enough angular resolution for a source, we adopt the angular size as was given in the literature. Controversies regarding angular size measurement appear mostly in the case of FRI (and hybrid FRI/FRII) sources. For such objects we try to estimate the angular size from a map/publication at which the source shows a maximal angular radio extent and its size was taken as the distance between the opposite edges. Something similar occures for FRII sources (e.g. J0116−4722, J1548−3216) which show a double-double radio structure (without clear hotspots in the outer lobes) or those that have at least a clear extension beyond the hotspot(s) (e.g. DA240). In the case of sources which have a very curved morphology (e.g. wide-angle-tail, head tail radio galaxies) their angular extent was measured along the source ridge, and were not, as in the case of most giants, taken as the shortest distant between opposite edges.
The optical r-band aperture magnitudes are taken from the PanSTARRS data archive (Flewelling et al. 2013 ) which has surveyed the sky north of δ=−30 o in five photometric bands (grizy). For some objects south of δ=−30 o we have taken r-band magnitudes from Saripalli et al. (2012) and marked them as 'r' in Table 1 .
The references given in Table 1 are mostly related to papers where a radio source has been recognised as a giant for the first time, or to papers where some important parameters characterising a particular object (e.g. redshift, radio map) were published. In Table 1 we include only the confirmed GRSs, though there are many more GRS candidates with redshifts still to be determined.
The final catalogue includes 349 sources, of which 280 are galaxies, 68 are quasars, and 1 is of uncertain optical identification, covering the redshift range of 0.016<z<3.22. In the sample, there are 46 objects with photometric estimation of redshifts. Redshifts larger than 1 were found for 22 GRSs based on spectroscopic measurements and for 6 GRSs based on photometric estimations. The most distant GRSs are J1145−0033 with redshift z=2.055 (Kuźmicz, Kuligowska & Jamrozy 2011) and J1235+3925 (i.e. 4C39.37) with redshift z=3.22 . However, the extent of the radio protrusions of the latter object is not certain, since Mack et al. (2005) mentioned that "it cannot be excluded that these are artefacts caused by an imperfect amplitude calibration". Furthermore, 4C39.37 is the highest luminosity GRS in our sample. Although its structure needs to be confirmed, it is consistent with the extrapolation of the log P -z relation ( Figure 6 ) appearing as the most distant and luminous object.
More than half of the GRSs have projected linear sizes larger than 1 Mpc. Four of them have extremely large sizes: J1006+3454 (4.23 Mpc), J0931+3204 (4.29 Mpc), J1234+5318 (4.44 Mpc), J1420−0545 (4.69 Mpc). The last one is still the largest GRS known to date (Machalski et al. 2008) . Most of the catalogued sources have an FRII radio morphology. Only 20 sources reveal an FRI structure and 16 are classified as hybrid FRI/FRII sources.
This sample of GRSs as a whole is quite heterogeneous, including objects from studies in which sources were not selected in any systematic manner. Moreover, it is restricted by the selection effects related to sensitivity of radio and optical surveys. However, it may be possible to construct statistically complete subsamples in restricted areas of the sky that have been imaged uniformly by surveys such as NVSS/FIRST and optical surveys such as SDSS.
SKY COVERAGE
In Figures 1 and 2 we plot the distributions of GRSs from our sample both in the Galactic and equatorial coordinates. It can be seen that it is not homogeneous and that a large fraction of known giants are seen in the northern hemisphere. On the sky maps there are regions where a lot of giants can be observed and regions without any recognized source (areas marked in gray in Figure 1 ). In the strip along the Galactic equator (|b| 15
• ), the optical identification of GRSs can be difficult due to higher Galactic extinction. Therefore, infrared surveys (e.g. the Two Micron All-Sky Survey; 2MASS; Skrutskie et al. (2006) or the Wide-field Infrared Survey Explorer (WISE; Wright et al. (2010) ) can be helpful for identifying host galaxies in this region. Moreover, there are a number of extended individual radio structures inside the Milky Way Galaxy that may confuse some of the GRSs' radio structure. The regions devoid of GRSs away from the Galactic plane are mostly due to incomplete coverage of both radio and optical surveys. Therefore, it would be good if future optical and radio survey efforts focus primarily on these 'empty' fields for identifications of new GRSs.
The largest number of giants is recognised in the regions that are covered by the FIRST radio survey, along with the availability of optical data (e.g. SDSS). As can be seen in Figure 2 , where the surface density of giants in the sky plane is depicted by different colours, the densest region is located in the area defined by 12.8 h < α <14.4 h and 4 A. Kuźmicz et al.
There are 15 giants in this area, of which 12 are identified with galaxies and the remaining are identified with quasars. Similar numbers of GRSs are expected in other regions observed to similar radio and optical sensitivity limits. Extrapolating this density over the whole sky (4π sr) and assuming a homogeneous distribution of GRSs, the total number of giants should be about 2000. This estimate does not take into account objects with low surface brightness that remain undetectable in the NVSS survey. Also, since most of our sources have been selected from low-frequency surveys (less than about 1.4 GHz), core-dominated GRSs are also likely to be under-represented in the sample. Therefore, this is just a lower limit to the expected number of GRSs. Furthermore, the regions with the largest numbers of giants coincide with coverage of the FIRST survey, where better radio map resolution allowed for the identification of radio cores associated with host galaxies. However, it should be stressed that apart from regions that are not covered by both radio and optical surveys, there are also relatively large regions where FIRST and SDSS data are available but they still show a low number of GRGs. For example, such regions are placed near the North Galactic pole (12
o with density of only 2 GRSs over 317.33 deg 2 ) and in an area bounded by 21.8
(with an average density of 2.6 GRSs over 317.33 deg 2 ). The deficiency of known GRSs in those particular regions is not because of a lack of radio and optical data but due to a lack of conducting any systematic surveys for giants.
DISCUSSION

Physical parameters of the GRSs
In Figure 3 , we present distributions of redshifts, projected linear sizes and 1.4 GHz total radio luminosities for the GRSs catalogued in this paper. The linear sizes range from the cut-off value of 700 kpc to 4.69 Mpc, with a median value of 1.14 Mpc. In the earlier compilation by Ishwara-Chandra & Saikia (1999) the largest source excluding 3C236, was 8C0821+695 which in our present cosmology has a projected linear size of 2.54 Mpc. In the present catalogue there are 13 sources with a size of at least 2.5 Mpc, a substantial increase that enable us to investigate the evolutionary status of these large sources. As seen in Figure 3 (middle panel), the FRII GRSs are mostly larger than the FRI GRSs. The median values of projected linear size of FRII, FRII/FRI and FRI type GRSs are 1.15, 1.18 and 0.99 Mpc, respectively. This indicates that the FRII radio sources tend to be larger than FRIs. Similar results were obtained by, e.g. Wing & Blanton (2011) , who studied distributions of the projected linear size of the radio sources in clusters of galaxies.
There has also been a substantial increase in the number of high-redshift objects, say those with z>1. The median redshift is 0.24 with the highest value being 3.22. There are 28 objects with a redshift of at least 1, while there were none in the earlier compilation by Ishwara-Chandra & Saikia (1999) . Although a large number of larger sources at high redshifts have been discovered from the new, more sensitive surveys, most giants are relatively nearby objects with sizes close to 1 Mpc and 1.4 GHz total luminosity logPtot[W 
Hubble diagram for the GRSs
Although almost all the redshifts are spectroscopic, a few listed within brackets are photometric. Figure 4 shows the r-band apparent magnitude as a function of spectroscopic redshift, for the catalogued objects. This relation is known as the "Hubble diagram" and can be used to estimate the "photometric" redshift of galaxies lacking spectroscopic observations. Subsequently, we performed a linear regression fit to the PanSTARRS data points (excluding all objects with quasar hosts from this analysis), and obtained the following relation:
with a correlation coefficient of 0.89. Such a relation is consistent with the results obtained by Eales (1985) for a set of 3CRR galaxies, and suggests that the estimated redshifts are reasonably reliable. A similar relation but with a steeper slope, rmag = (8.83 ± 0.35)log(z)+(22.96 ± 0.37) was obtained for 81 large angular sized radio galaxies by Lara et al. (2001b) . The differences between our and Lara et al. (2001b) estimates are probably because of the different filter characteristics used during observations. For the low-redshift objects (mostly the brightest galaxies) the magnitudes from Lara et al. (2001b) are up to 3 mag brighter than those from PanSTARRS. as a useful tool to study the evolution of radio sources. In Figure 5 we plot the P-D relation for the sample of GRSs and smallersized 3CRR 3 (Laing, Riley & Longair 1983 ) and FRII radio sources taken from Koziel-Wierzbowska & Stasińska (2011) . We also superimpose the evolutionary tracks proposed by Kaiser, Dennett-Thorpe & Alexander (1997) for three different jet powers. For the 3CRR sample the flux densities measured at 0.178 GHz were extrapolated to the frequency of 1.4 GHz using the spectral index of individual sources and then the total radio luminosities were calculated using the formula given by Brown, Webster & Boyle (2001) . Thirteen of the radio sources from the 3CRR sample, and 21 radio sources from the FRII sample have sizes larger than 0.7 Mpc; these are included in the sample of GRSs.
The luminosity-linear size (P-D) diagram
The models (e. the GRSs are the evolved counterparts of smaller, younger, and more luminous radio sources. The P-D diagram shows more clearly a declining upper envelope than was noted by Ishwara-Chandra & Saikia (1999) . The lack of radio sources that have both large sizes and high radio luminosities in our plot is consistent with model expectations of the evolution of radio sources. It has been postulated that GRSs evolve from normal FRII and FRI radio sources (e.g. Ishwara-Chandra & Saikia 1999), with sources of different jet powers following different evolutionary tracks in the P-D Kaiser, Dennett- Thorpe & Alexander (1997) , indicate that the high-luminosity GRSs evolve possibly from the most luminous radio sources like those from the 3CRR sample for which the median of logPtot[W Hz −1 ] is 26.4. Less-luminous GRSs can evolve from lower-luminosity FRII and FRI radio sources. However, we observe the deficit of low-luminosity and high-redshift GRSs visible in Figure 6 where we plot the total radio luminosity as a function of redshift, as would be expected in case of a Malmquist bias. However, in the P-D diagram ( Figure 5) just as there appears to be a rough upper envelope for the GRSs, the Figure 5 also suggests a rough lower envelope. The largest GRSs are not of the lowest luminosities amongst the GRSs. This apparent deficit of large, low-luminosity GRGs, is possibly due to a combination of selection effects (e.g. low surface-brightness of extended sources) and quenching due to inverse-Compton scattering.
High-redshift GRSs
As noted earlier, there are 28 very distant GRSs with redshift z > 1 in our sample. However, for a long time GRSs were not expected to be found at high redshift. According to Kapahi (1989) since the density of the IGM increases as ρIGM ∝ (1 + z) 3 , the radio lobe expansion could be significantly hampered at high redshifts. This explains the smaller median size (equal to 0.899 Mpc) of high-redshift giants in comparison with z<1 GRSs for which the median size is 1.16 Mpc. In addition, the surface brightness decreases with redshift as (1 + z) −4 . This makes it difficult to recognise extended radio lobes and thus GRSs themselves in earlier cosmological epochs. Nevertheless, the number of high-redshift GRSs has grown due to sensitive radio surveys. We examine further the dependence of median size on redshift by considering equal number of GRSs in each redshift bin, and also considering redshift bins of equal width (Figure 7) . While in both cases there is a decrease in the median size with redshift for z>0.5, the median size increases with redshift in the range 0<z<0.5. Earlier studies of the linear size evolu- GRSs − FRII GRSs − FRI/FRII GRSs − FRI FRII 3CRR radio sources Figure 5 . P-D diagram for GRSs (dots), 3CRR radio sources (diamonds) from Laing, Riley & Longair (1983) , and FRII radio sources from Koziel-Wierzbowska & Stasińska (2011) . The total radio luminosity at 1.4 GHz as a function of redshift for a sample of GRSs. The dashed line represents the total radio luminosity of the radio source with flux density of S 1.4GHz = 5 mJy, corresponding to the lowest flux density of sources in our catalogue.
tion of extragalactic radio sources have reported a decrease in median linear size with redshift for both bright and faint source samples (Neeser et al. 1995; Singal 1996) of the form D∝ (1 + z) −n , where n was found to have a range of values from about 1 to 3. These were consistent with the expectations of theoretical models (Kaiser & Alexander (1999) . However, such studies are complicated by possible correlations of size with luminosity, which may be different for galaxies and quasars (e.g. Singal 1988) . Authors (e.g. Singal 1996) have stressed the importance of examining the D-z relationship for sources of similar radio luminosity, and perhaps separately for different classes. This would be possible for a large uniformly selected sample of giant sources, which is beyond the scope of the present paper. However, it may be relevant to note the recent paper by Onah et al. (2018) for a sample consisting of both galaxies and quasars, where they report an increase in median size with redshift up to about z=1. In the context of GRSs one also needs to examine whether large diffuse low-luminosity giants may be below the thresholds of existing surveys and observations. The largest sample of GRSs within the redshift range 1<z<2 was presented by Kuligowska et al. (2009) . Considering the dynamical evolution of radio galaxies, these authors concluded that the giant sizes of most distant objects are related rather to the very high power (up to 10 40 W) of their jets, which overcomes the higher density of the IGM. These values are consistent with the location of these sources in the P-D diagram and the evolutionary models of radio sources.
GRSs in regions of cosmic voids
Furthermore, to examine the dependence of GRSs occurrence on the IGM density, we correlated the GRS locations with the positions of 1228 cosmic voids provided by Mao, Berlind & Scherrer (2017) . The catalogue of voids was compiled using the Baryon Oscillation Spectroscopic Survey (Dawson et al. 2013) , which is a part of the SDSS-III (Eisenstein et al. 2011 Chen et al. 2011 , Malarecki et al. 2015 , the above result suggests that the size of GRGs is not related solely to the galaxy density around their host galaxies. Apart from deep X-ray observations, deeper optical observations including improved photometric redshifts (e.g. from PanSTARRS) could provide better estimates of the ambient galaxy density of GRGs using the methods ap-plied by Komberg & Pashchenko (2009) , but out to higher redshifts.
CONCLUDING REMARKS
We present the largest-to-date sample of GRSs (defined here as having a projected largest linear size of at least 0.7 Mpc), which consists of 349 individual objects. It is limited by sensitivity and coverage of the available radio and optical surveys in different parts of the sky. Analysing the distribution of GRSs in the celestial plane, we distinguish sky regions that are underdense in GRSs and that should be explored for further objects yet to be identified even with current sensitivity limits. We estimate the lower limit to the number of GRSs on current sensitivity limits as ∼2000, based on the density of known GRSs in the regions where most such sources have been observed.
The present sample has considerably increased the number of GRSs with projected sizes larger than about 2 Mpc, and also at high redshifts of greater than ∼1. The Hubble diagram for the galaxies in the GRS sample has been found to be similar to that of 3CRR radio galaxies, with the r-band magnitude being well correlated with redshift, allowing for quick estimates of photometric redshifts for giants that have not been spectroscopically observed.
We have examined the luminosity-linear size diagram with the enlarged sample, and find the upper envelope to be well-defined for the GRSs. This is consistent with the evolution of the radio sources with the highest jet powers of The high-redshift giants that are also amongst the more luminous ones can be understood in terms of their high jet powers (∼10 40 W), which overcomes the effects of higher ram pressure due to increased density of the IGM. This is consistent with the results of the P-D diagram.
While GRSs have been suggested to occur often in regions of low galaxy density, correlating our catalogue of GRSs with cosmic voids, we find only one clear association. Future X-ray telescopes will be useful for probing their environments from sensitive observations.
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